Background: Schistosomiasis and soil-transmitted helminths (STH) infections are major public health problems. We aimed to study the 6-mo impact of mass drug administration with praziquantel and albendazole on urinary schistosomiasis and STH.
Introduction
Helminth infections have a massive impact on the morbidity and mortality of human populations globally. 1 Schistosoma haematobium, Ascaris lumbricoides, Trichiura trichuris and hookworm infections affect 290.6, 804.4, 477.4 and 471.8 million people worldwide, respectively. 2 These infections are endemic in Angola, where the prevalence of Schistosoma haematobium, hookworms, A. lumbricoides, T. trichiura and Hymenolepis nana were reported to be high (10-17, 4-6.7, 15-17, 7-14 and 6-7%, respectively) in preschool and school-age children in the Dande municipality (Bengo province, Angola) in 2010. 3 Additionally, some of those species also share their geographical distribution with malaria, and therefore co-infections were reported. Among comorbidities associated with these infections, we find bladder and kidney pathologies, chronic inflammation, respiratory and gastrointestinal problems, chronic blood loss, immunity and anaemia. 1, [4] [5] [6] [7] [8] [9] In Angola, it is expected that there will be adoption of integrated therapeutic mass drug distribution of praziquantel and albendazole in deworming campaigns, as described in the National Sanitary Development Plan for 2012-2025 (approved by Angolan Ministry of Health in 2012). However, research into the impact of an integrated approach is urgently needed, as it could help to clarify key aspects such as behavioural change related to health education, clean water provision, environmental sanitation and programme control adherence, which would help to improve these interventions.
Here, we investigated the 6-mo impact of a communitybased integrated therapeutic intervention with praziquantel, albendazole and Coartem (if tested positive for malaria), in the reinfection of schistosomiasis, geohelminths and malaria and in the occurrence of anaemia.
Materials and methods

Study site
We conducted this investigation in Cabungo, one hamlet of the study area of Centro de Investigação em Saúde de Angola (CISA), located in the Dande municipality (Bengo, northern Angola). The structure, dynamics and geographical distribution of the population of this area are monitored by the Health and Demographic Surveillance System, previously described by Costa and coworkers. 10 The initial list provided by Demographic Health Survey consisted of 824 inhabitants, including 364 children aged 2-15 y. The research team integrated two DHS technicians and updated the list of children during the baseline, identifying 209 (57.4%) children present, who were all invited and participated in the study.
Study design, participants and data collection
This was an interventive prospective study, conducted between December 2012 and December 2013. Cabungo was selected by convenience, based on the high rates of schistosomiasis. 4 On the first day of the baseline, the study team went from house to house to identify and invite children aged 2-15 y and to distribute containers for sample faeces. On the second day, the population was concentrated in a designated place for a previously arranged community meeting, where we collected all urine, faeces and blood samples, applied the questionnaire with signed consent and administered the drugs. During the two follow-ups, we met participants at the same designated place. Six mo after the second follow-up, the team returned to the participants' homes to inquire about reasons for nonadherence. Trained field workers conducted the questionnaire to obtain demographic and socioeconomic data and child morbidity history. We provided a container (1 d prior to survey) to collect one faecal sample per participant while urine samples were collected in containers provided to participants upon arrival on the survey day. Both samples were stored in ice at 4°C until transportation to the CISA laboratory where they were refrigerated. Kato-Katz smears were performed by CISA expert technicians for the diagnosis of Schistosoma mansoni, soil-transmitted helminths (STH) (such as hookworms, A. lumbricoides and T. trichiuria), H. nana and Taenia spp. Urogenital schistosomiasis (Schistosoma haematobium) was diagnosed by examination of the pellet resulting from 10 ml centrifuged urine and eggs count, according to WHO protocol. 11 We were not able to use the membrane for filtration method in this project; however, the local availability of equipment and laboratory technicians ensured good execution of the centrifugation method, whose effectiveness in concentrating the eggs does not cause any morphological changes to either the helminth eggs or larvae. 12 Capillary blood samples were collected for diagnosis of malaria by rapid diagnostic test (SD BIOLINE Malaria Ag P.f/P.v, Standard Diagnostics Inc.) and for measurement of haemoglobin levels with the HemoCue system (HemoCue 201+, Angelholm, Sweden). All children took a single dose of praziquantel (40 mg/ kg) and albendazole (400 mg) under direct observation at the first visit and 6 mo later. The children who tested positive for Plasmodium falciparum were treated with Coartem (artemether/ lumefantrine 20/120), in accordance with the national therapeutic guidelines for uncomplicated malaria at all evaluation time points. The national malaria control programme recommends treatment for asymptomatic individuals (human reservoirs) with positive Rapid Diagnostic Test (RDT) for plasmodium at all opportunities, in order to reduce continuous transmission by the mosquito bite. 13, 14 In addition, one long-lasting insecticide-treated bednet was provided for each child who participated in this study. Follow-up visits occurred 1 and 6 mo after initial drug delivery and parasitological examination. Malaria treatment was performed on all visits.
Reasons for dropout were investigated performing an additional structured questionnaire, performed 6 mo after the second follow-up with the same respondents. In these questionnaires we also asked respondents for suggestions of possible solutions to improve adherence. International Health
Statistical analysis
Data were entered into the CISA database and then exported to SPSS Statistics for Windows version 20.0 and R version 3.0.1 (IBM, Armonk, NY, USA). Analyses were performed to determine prevalence and intensity reduction, intensity and reinfection rates resulting from Schistosoma haematobium, geohelminths and H. nana infections, 1 and 6 mo after treatment. Prevalences were calculated as the frequencies of the outcome over the total samples with valid results. The intensity of Schistosoma haematobium infections and of intestinal parasites was recorded according to WHO 15 (Table 1) . Also, the age-specific severity of anaemia was defined as recommended by WHO. 16, 17 The prevalence reduction rate (PRR) was calculated as:
− ⁎ % prevalence before the treatment % prevalence after the treatment % prevalence before treatment 100
The intensity reduction rate (IRR) was calculated as:
− ⁎ Geometric mean of eggs before the treatment geometric mean eggs after the treatment geometric mean before the treatment 100
The post-treatment reinfection rates were calculated as: 
Ethical aspects
This study was approved by the Ethical Committee of the Ministry of Health of Angola. Informed consent was obtained by signature from the parents or guardians of children. Schistosomiasis, geohelminth and malaria infections were treated. Children with anaemia were referred to the nearest healthcare centre. The project team at the study site provided education sessions for all people present and returned the results of parasitological examinations to the parents and guardians of the children who participated in the study.
Results
In this study, we enrolled 209 children (110 boys and 99 girls aged 2-15 y, with a median age of 6 y). Those who showed no compliance to drug therapy at the baseline, failed to provide urine, faeces and blood samples, or had invalid data or examination results and refused to repeat the procedure, were excluded from the analysis. Most of these dropouts were children who cried, vomited or choked upon medication. Some did not give urine or stool samples and their parents or guardians did not bring them back to repeat the procedure. Others were absent from the residences during the study period. Exclusions, dropouts and the number of followed children are presented in Table 2 .
In total, 142 lost to follow-up were questioned concerning the reasons for their absence at the evaluation time points. The main reported reason for lost to follow-up was spending school holidays in the capital for the Christmas vacation (33.1%, 47/ 142) and quarterly break (21.8%, 31/142). The other reasons were the side effects of medication reported by participants (16.2%, 23/142 and 11.3%, 16/142) and the unavailability of the caregiver to take the child to the evaluation (4.2%, 6/142 and 5.6%, 8/142) during the first and second evaluations, respectively.
About 100 respondents suggested possible solutions to improve adherence, including family counselling regarding sanitation and hygiene (45%, 45/100) and door-to-door notification of the follow-up dates (29%, 29/100).
Children within the lost to follow-up group were significantly more frequently infected with STH than children within the followed group ( Table 3) ; 80% of the children diagnosed with STH were lost to follow-up (p=0.010). We found no significant differences between participants and losses to follow-up among all other variables.
We investigated participants' knowledge, attitudes and practices (KAP) with regard to schistosomiasis, geohelminths and malaria and also behaviour regarding water, sanitation and hygiene (WASH) at the baseline ( Table 4 ). All children were reported to have contact with dams, ponds, rivers or irrigation canals, and 57.6% (114/197) of them had two or more contacts per day and were infected with Schistosoma haematobium. Water from those sources was reported to be used mainly for bathing and playing. About 39.7% of the children were reported to drink treated water, and they were significantly infected with Schistosoma haematobium (21.2%, p=0.001) and T. trichuria (2.0%, p=0.001). It was noted that 34.0% of the households had latrines; however, most latrine users had more Schistosoma haematobium (50%) than STH infections, but the difference was not significant. Correct knowledge concerning Schistosoma haematobium was significant in 17.7% (p= 0.001) of participants infected by the disease, of whom 20.7% (p=0.001) had already urinated blood. Those that maintained contact with animals were also more infected with Schistosoma haematobium (22.7%, p=0.007). Among the 67 children successfully completing the study of helminths infections, the prevalence of Schistosoma haematobium varied from 70.1% (47/67) to 53.7% (36/67) and 76.1% (51/67) between the baseline, first and second follow-up, respectively. This corresponded to a 23.5% PRR between the baseline and first follow-up (p=0.013), and to an increase of prevalence either between the first and second follow-up (PRR: 41.7%, p=0.003) but not between the baseline and second follow-up (PRR: 8.6%, p=0.424).
Parasitological characteristics of the participants
At the same time, 77 children were submitted to malaria RDT and the positive cases were treated by plasmodial infection. The prevalence of malaria was 9.1% (7/77), 10.4% (8/77) and 2.6% (2/77) at the three time points of the study, respectively ( Table 5 ).
The intensity of Schistosoma haematobium infections, 1 mo after the first administration of praziquantel, was reduced by 86.9% (p<0.001), and heavy infections dropped from 62.7 to 34.3%. However, between the first and second follow-ups, the intensity of infection increased considerably (p<0.001). At all evaluation time points, no heavy infections were observed for either STH or H. nana. Moderate infections were only observed for A. lumbricoides at the baseline, cleared after the first administration of albendazole, and for T. trichiura 6 mo after treatment.
We observed that some negative results in the baseline became positive at the first follow-up, namely, 6.0% (4/67) of Schistosoma haematobium, 3.0% (2/67) of A. lumbricoides, 4.5% (3/67) of T. trichiura, 1.5% (1/67) of hookworms, 1.5% (1/67) of H. nana and 3.9% (3/77) of P. falciparum. Reinfections at the second follow-up occurred only for Schistosoma haematobium (85.7%, 12/14) and A. lumbricoides (33.3%, 1/3).
Prevalence of anaemia among all children presenting at the baseline (Table 3 ) was 76.8% (159/207, CI: 70.5 to 82.4), of which 66.7% (106/159, CI: 60.9 to 76.0) was moderate and only 3.8% (6/159, CI: 1.4 to 8.3) was severe. Among the 67 children who completed the all-infections study, 55.1% (37/67) had anaemia (of which 14, 38 and 3% was mild, moderate and severe, respectively). From the baseline to the second follow-up period, a prevalence reduction of 25.9% (p=0.230), or 55.2 to 40.9%, was observed. In the analysis of the association between anaemia and the infections studied (Table 4 ), we found that moderate anaemia predominated. All cases of severe anaemia (n=6, 3.0%) and most cases of moderate anaemia International Health (n=66, 33.3%) were infected with Schistosoma haematobium. Infections by A. lumbricoide, H. nana and P. falciparum were not found in any case of severe anaemia. We also verified that all the severe cases occurred in the preschool-age children and that they presented a slightly higher prevalence of anaemia than the school-age children (73 vs 69%). Approximately 52% of the participants reported transient adverse events postmedication. The most mentioned were belly pain, headache, dizziness and fatigue. No cases were taken to the health facility.
Discussion
Previous cross-sectional studies conducted by CISA have already reported a high prevalence of Schistosoma haematobium, STH, H. nana and P. falciparum in children within this geographical area of Angola. 3 For the children who completed the protocol, prevalence decreased in the first month but rose again in the sixth month, being similar to the baseline.
A high loss of follow-up was observed in this study (67%), a situation common in many regions of Africa. 18 However, the families of dropout children recognised the benefit of the study and suggested that the research team move from house to house advising families in order to improve adherence to the study.
Controlling infections with integrated doses of praziquantel and albendazol resulted in a considerable egg reduction rate but a low reduction in Schistosoma haematobium prevalence 1 mo after treatment. Lee and coworkers 19 performed a similar comprehensive intervention with chemotherapy, health education and water supply, and achieved a low reduction of Schistosoma haematobium prevalence of 13.5% after 6 mo of follow-up. At the same time, more reduction was found in the village where there was a water supply.
Considering that during the duration of our study there was no supply of drinkable water, those events may suggest a continuous contact with cercarial contaminated water. We observed that almost a third of these children were highly knowledgeable about the diseases and knew that the parasites were caught in the collection of water and in the faeces or contaminated food, but they continued to go two or more times a day to the irrigation canal, lake or pond to take baths and draw water for domestic use. Although this suggests other strategies of persuasion to provide adequate KAP, 20 we did not see any alternatives for them to obtain water of sufficient quantity for households, or to use only family or community latrines in order to leave the main places where they become infected. We found significant associations of Schistosoma haematobium with school-age children (p=0.013), drinking water (p=0.001), knowledge, blood in urine and contact with animals (p=0.001) and A. lumbricoides associated with girls (p=0.027). In addition, 1 mo after the integrated drug administration, we observed a reduction in the prevalence of A. lumbricoides, T. trichiura, hookworms and H. nana (only statistically significant for H. nana). Despite not being statistically significant, the intensity of infections in those children remaining infected with A. lumbricoides and T. trichiura also decreased and moderate infections of A. lumbricoides were cleared, results that are concordant with other studies showing that albendazole successfully lowers the intensity of those infections. 21, 22 However, 3.0, 4.5, 1.5 and 1.5% of new A. lumbricoides, T. trichiura, hookworms and H. nana infections were observed, respectively, suggesting possible contact between children and contaminated environments, food and/or water between evaluation time points. This hypothesis is reinforced by the reinfection rates observed for A. lumbricoides and its consequent prevalence increase 6 mo after treatment. Similarly, and despite no reinfection with H. nana being observed at the end of the study, a significant prevalence increase was also verified for hymenolepiasis.
In the present study, it appears that both praziquantel and albendazole presented some apparent failure or low effectiveness in the treatment of the studied infections. A change in the prescription pattern of praziquantel should also be considered, as it was suggested that a single treatment regimen of praziquantel may be unable to clear immature stages of Schistosoma haematobium. [21] [22] [23] Further investigation discriminating between reinfections and recurrent infections would help clarify these matters. Additionally, it must also be considered that a long prepatent period (approximately 6-8 wk) was reported for Schistosoma haematobium, in which eggs may continue to be released from tissues, even after the clearance of the worms. 24 This could lead to the overestimation of positive cases and thus influence the results presented here.
Further studies are recommended in the case of a modest reduction in helminth infection observed after taking albendazole drugs. [25] [26] [27] Regarding P. falciparum, the prevalence increased from baseline to first follow-up, with 3.9% of new cases, but decreased after the second follow-up, where 40% of reinfections were observed. This prevalence variation is certainly associated with seasonality of malaria risk since the first follow-up was at the peak of the risk season for malaria. The treatment of malaria was performed in this study for ethical reasons and the evolution of its prevalence was subject to several biases, such as seasonality. Moreover, the distribution of bednet in the baseline could be a potential confounder when evaluating the effect of the intervention.
Prevalence of anaemia at the baseline, among the 67 children who completed the study, was very high (82.0%). This prevalence reduced, but not significantly. All cases of anaemia were infected with Schistosoma haematobium and this infection was the only one found in cases of severe anaemia. In fact, A. lumbricoide, H. nana and P. falciparum were not found in any severe case. We attributed the strong influence of Schistosoma haematobium to the occurrence or severity of anaemia, as described in other studies, but other causes of anaemia were not investigated in this study. 3 Participants in this study reported transient cases of medication side effects that usually occur with this type of intervention. 28 A limitation of this study is the absence of some parasitological examinations (that should be carried out on at least three urine and faeces samples collected on different days), which would allow a better estimation of the intensity of the infection, also enabling the variability described in the excretion of eggs during the day to be overcome. On the other hand, recurrent infections and reinfections weren't discriminated here.
In Angola, historical annual deworming with albendazole was performed in schools and reported cases of haematuria were treated in health units. Consequently, a low therapeutic coverage was reported regarding the goals recommended by WHO for the Africa region. 29 The strategic plan for neglected tropical diseases 2012-2015 included in the new National Sanitary Development Plan already foresees the adoption of integrated preventive chemotherapy with distribution of praziquantel, albendazole and ivermectin in campaigns of deworming, to reach a therapeutic coverage of 80-100% in school-age children and 70-95% in communities between 2017-2021, in line with WHO recommendations. 30 Thus, we believe that this study highlights some key aspects that should be considered in order to maximise the effectiveness of future approaches in the Angolan context, such as the strategy and monitoring of mass drug administration, environmental and health education for behavioural change, provision of drinking water for hygiene and sanitation in communities.
Longitudinal studies have reported many losses in these settings, but we were able to show that mass drug administration for control of schistosomiasis and STH presents low effectiveness, that reinfections occur rapidly and that stand alone anthelmintic therapy is not a sustainable choice. In the context of our country, drug effectiveness should be studied for its suitability.
